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(54) Processor and control method for performing proper saturation operation 



(57) A processor including an arithmetic operation 
circuit and a saturation operation correction circuit both 
of which are connected in parallel to a register and* a 
data bus and are activated by respective operation in- 
structions. The saturation operation correction circuit 



judges whether an output from a register file exceeds 
either of a predetermined upper-most value and a pre- 
determined lower-most value, and selectively outputs 
one of an operation result, the upper-most value, and 
the lower-most value. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to a processor used 
in computers, particularly to an improved saturation op- 
eration. 

(2) Description of the Prior Art 

The saturation operation is used in various fields 
such as graphics processing and servo control. The sat- 
uration operation is performed as follows: first it is 
judged whether an operation result exceeds a predeter- 
mined value range; then, if exceeds, the operation result 
is corrected. 

Such a saturation operation is required to prevent 
incorrect reversions of positive sign to negative sign and 
vice versa and incorrect operation results with much dif- 
ference from theoretical values, both being generated 
by carries. When integers are calculated, the Most Sig- 
nificant Bit (MSB) is used to represent plus/minus sign. 
For example, when 16-bit integers are calculated, the 
16th bit, namely the MSB, is used as a "sign bit." The 
operation is performed property as far as the result 
reaches the 15th bit or less. However, when the result 
reaches the 16th bit, the sign reversion happens. For 
example, "positive integer + positive integer" may result 
in a "negative integer." 

The above sign reversion can be detected by 
checking whether the sign bit changes. When 16-bit in- 
tegers are calculated by a 32-bit calculator, it is expected 
that the 16th bit is assigned to the sign bit and that the 
17th bit to 32nd bit do not change. In this case, the up- 
per-most value is a 32-bit integer 0x00007FFF with a 
sign and the lower-most value a 32-bit integer 
OxFFFFSOOO with a sign ("Ox" indicates hexadecimal 
notation). If an operation result output exceeds the 
range from the upper-most value to the lower-most val- 
ue, it is considered that the result is not represented by 
a 16-bit value. Note that in the present specification if 
the result exceeds the range, it is described as "the re- 
sult is saturated, " and if the result does not exceed the 
range, "the result is not saturated." 

The following are two conventional methods for 
achieving such saturation operations. 

The first conventional method has a correction rou- 
tine after an operation instruction. Now, the first conven- 
tional method is explained by taking a look at an exam- 
ple of a correction routine. Note that in the example 
shown below, it is assumed that register D1 stores the 
operation result. Also note that each instruction used in 
the correction routine includes two operands. The left 
operand is called the first operand, and the right operand 
the second operand. The second operand specifies a 
target to which a value is transferred and also specifies 



a target into which the operation result is stored. 

instruction 1: CMP upper-most value,D1 
instruction 2: BCS NOT.CARRY 
5 instruction 3: MOV upper-most value.Dl 
instruction 4: BRA END 

NOT_CARRY: 

w instruction 5: CMP lower-most value.Dl 
instruction 6: BCC END 
instruction 7: MOV lower-most value.Dl 

END: 

15 Instruction 1 compares the upper-most value with a 
value in register D1 . The comparison is performed by 
subtracting the immediate value being the upper-most 
value (first operand) from the register D1 value (second 
operand). If the register D1 value is smaller than the up- 

20 per-most value, the carry flag is set and instruction 2 is 
executed. If the register D1 value is greater than the up- 
per-most value, instruction 3 is executed. 

Instruction 2 executes a branch to a label 
"NOT_CARRY" because the carry flag is set, where "B" 

2S in "BCS" stands for "branch" and "CS" "carry set - 
instruction 3 transfers the upper-most value to reg- 
ister D1 to correct the operation result, that is, replace 
the register D1 value by the upper-most value. After the 
correction, instruction 4 executes a branch to a label 

30 "END" and the saturation operation ends. 

If the register D1 value is greater than the upper- 
most value, instruction 2 is executed and the control 
branches to a label "NOT_CARRY" Instruction 5 com- 
pares the register D1 value with the lower-most value. 

3S The comparison is performed by subtracting the imme- 
diate value being the lower-most value (first operand) 
from the register D1 value (second operand). If the reg- 
ister D1 value is smaller than the lower-most value, the 
carry flag is set. 

40 Instruction 6 executes a branch to a label "END" if 
the carry flag is reset since it means that the register D1 
value is greater than the lower-most value, where "CC" 
in "BCC END" stands for "carry clear." 

If the carry flag is set, instruction 6 does not execute 

45 a branch and instruction 7 is executed. Instruction 7 
transfers the lower-most value to register D1 to correct 
the operation result, that is, replace the register D1 value 
by the lower-most value. After the correction, the satu- 
ration operation ends. 

50 The saturation operation using the correction rou- 
tine has been described as above. One of the problems 
of the first conventional technique is the great number 
of codes required for the saturation operations. In the 
above example, one saturation operation includes sev- 

55 en instructions. In case the program is pre-loaded in 
ROMS, this increases the data amount in ROMs con- 
siderably, raising the production cost. The great number 
of codes also cause a problem in terms of the execution 
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time. In case of the correction routine in the above ex- 
ample which includes branch instructbns (instructions 
2, 4, and 6), at least a branch is executed whenever the 
correction routine is executed, regardless of whether the 
result is saturated. This decreases the processing effi- s 
ciency of the pipeline processing. 

Japanese laid-open patent application no. 
7-210368 discloses a technique for reducing the 
number of codes and improving the execution speed by 
setting a dedicated circuit in the processor. The tech- io 
nique disclosed in the above patent application is de- 
scribed below as the second conventional technique. 

FIG. 1 shows the construction of the processor used 
in the second conventional technique. The construction 
is almost the same as that of previous conventional '5 
techniques in that the processor includes latch circuits 
51 , 52, 53, and 54, register file 71 for storing operation 
data and an operation result and for outputting the result 
according to the decoded instruction, and arithmetic op- 
eration circuit 72 for performing a calculation using the 20 
value output from register file 71 . 

The saturation-exclusive circuit is saturation oper- 
ation correction circuit 70 which is located between the 
output of arithmetic operation circuit 72 and data bus. 

FIG. 2 shows the construction of saturation opera- 25 
tion correction circuit 70. As shown in the drawing, sat- 
uration operation correction circuit 70 includes satura- 
tion judging circuit 73 for judging whether the operation 
result output from arithmetic operation circuit 72 is sat- 
urated, constant generating circuit 74 for generating the 30 
upper-most value and lower-most value which are used 
for the judgement, and multiplexer 75 for selectively out- 
putting any of the operation result output from arithmetic 
operation circuit 72, the upper-most value, and the low- 
er-most value output from constant generating circuit 35 
74. With such a construction, if latch circuit 51 holds the 
operation result of arithmetic operation circuit 72, satu- 
ration judging circuit 73 judges whether the operation 
result is saturated. If saturated, either of the upper-most 
value and the lower-most value is output instead of the 40 
operation result. 

FIG. 3 shows a list of instructions set in the proces- 
sor for activating saturation operation correction circuit 
70. Among these instructions, "ADD D0.D1," "SUB 
D0,D1 and "MUL D0.D1 " are general instructions, and 
"ADDS16 D0.D1 "SUBS16 D0.D1 ," "MULS16 D0.D1 
"ADDS24 D0.D1," "SUBS24 D0.DV and "MULS24 
D0.D1 ' are prepared for saturation operation correction 
circuit 70. 

H ADDS 1 6 DO, D1, ""SUBS 16 D0.D1 ,° and "MULS1 6 so 
D0.D1 ," are arithmetic operation instructions with a sat- 
uration operation which instruct arithmetic operation cir- 
cuit 72 to perform respectively addition, subtraction, and 
multiplication operations, then instruct saturation oper- 
ation correction circuit 70 to perform a 16-bit saturation ss 
operation using the result. "ADDS24 D0,D1," "SUBS24 
D0.D1 ," and "MULS24 D0.D1 " are arithmetic operation 
instructions with a saturation operation which instruct 



arithmetic operation circuit 72 to perform respectively 
addition, subtraction, and multiplication operations, then 
instruct saturation operation correction circuit 70 to per- 
form a 24-bit saturation operation using the result 

For example, instruction "ADDS16 D0.D1 " instructs 
arithmetic operation circuit 72 to perform an addition op- 
eration in which register DO value is added to register 
D1 value, then instructs saturation operation correction 
circuit 70 to perform a 16-bit saturation operation using 
the result. Instruction "SUBS16 D0 t D1" instructs arith- 
metic operation circuit 72 to perform a subtraction oper- 
ation using register DO value and register D1 value, then 
instructs saturation operation correction circuit 70 to 
perform a 16-bit saturation operation using the result. 

While the first conventional technique requires sev- 
en instructions including several branch instructions in 
a saturation operation, the second conventional tech- 
nique uses only one instruction selected from the list 
shown in FIG. 3 to allow the processor to perform a cal- 
culation and a saturation operation using the calculation 
result. Accordingly, the second conventional technique 
reduces the number of codes largely compared to the 
first conventional technique since only one instruction is 
enough to instruct the processor to perform a calculation 
and a saturation operation using the calculation result. 

Now, the operation of the processor with such a 
construction is described in detail with reference to a 
timing chart shown in FIG. 4. 

When an operation instruction is decoded, latch cir- 
cuits 51 and 52 hold a value stored in register file 71 at 
timing T11. Arithmetic operation circuit 72 performs an 
operation using the values held by latch circuits 51 and 
52, and outputs the result at timing T11 . 

At timing T12, saturation judging circuit 73 judges 
whether the result exceeds the upper-most value of the 
lower-most value by comparing the result with the up- 
per-most value or the lower-most value generated by 
constant generating circuit 74. Based on the judgement 
made by saturation judging circuit 73, multiplexer 75 se- 
lects the upper-most value if the result is greater than 
the upper-most value, and selects the lower-most value 
if smaller than the lower-most value. Multiplexer 75 se- 
lects and outputs the result if the result is equal to or 
smaller than the upper-most value or if the result is equal 
to or greater than the lower-most value. 

The output from multiplexer 75 is stored in register 
file 71 as the operation result. Note that for general op- 
eration instructions, multiplexer 75 selects and outputs 
an operation result regardless of the judgement. 

In the second conventional technique, saturation 
operation correction circuit 70 is set betwe en the outDUt_ 
of arithmetic operation circuit 72 a! 
to activate a calculation and a satur; 
the calculation result by executing 1 
such a construction, when transfe 
operation circuit 72 to register file / 
through saturation operation corre< 
is the same even when general of 
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are executed. 

Generally, a path connecting data register, arithme- 
tic operation circuit, and register file is called a critical 
path. The data transfer time taken at the critical path 
affects the machine cycle of the processor. In the sec- 5 
ond conventional technique, saturation operation cor- 
rection circuit 70 is set in the middle of the critical path 
for executing a saturation operation with one instruction. 
With such a construction, the machine cycle of the proc- 
essor is determined based on T1 +T2, where T1 repre- 10 
sents time taken by arithmetic operation circuit 72 for a 
calculation and T2 time taken by saturation judging cir- 
cuit 73 for a calculation. 

Accordingly, it is possible to say that one of the prob- 
lems of the second conventional technique is a limit set is 
to the process speed. When the machine cycle is deter- 
mined based on T1+T2, the clock signal cycle should 
be equal to or greater than T1+T2. This limits the proc- 
ess speed of the processor. That means the second 
conventional technique sacrifices the processor speed 20 
to decrease the number of codes stored in ROMs. 

Also, another problem of the second conventional 
technique is the increased number of instructions. Op- 
eration instructions with saturation operation such as 
"ADDS24 D0,D1," "SUBS24 DO.DV and "MULS24 2S 
D0.D1" have newly been added. The number of newly 
added instructions equals to the number of operation in- 
struction types multiplied by the number of bit length 
types for saturation processing. The increase in the 
number of instructions makes the instruction decoder 30 
and control circuit complicated. 

SUMMARY OF THE INVENTION 

It is therefore the first object of the present invention 35 
to provide a processor which does not sacrifice the proc- 
essor speed to decrease the number of codes stored in 
ROMs and at the same time performs an operation and 
a saturation operation with the result of the operation 
with a suitable number of codes and a suitable speed. 40 

It is the second object of the present invention to 
provide a processor which prevents the instruction de- 
coder and control circuit from becoming complicated 
and at the same time performs an operation and a sat- 
uration operation with the result of the operation with a 
suitable number of codes and a suitable speed. 

The above objects are fulfilled by a processor com- 
prising: decoding means for decoding an instruction 
which includes a reading target, an operation, and a 
storage target, wherein a value is read from the reading so 
target and the operation is performed with the value and 
a result of the operation is stored in the storage target; 
first data transferring means for transferring the value 
from the reading target according to the instruction; op- 
erating means for performing the operation with the val- 55 
ue according to the instruction; and second data trans- 
ferring means for transferring the result of the operation 
to the storage target according to the instruction, where- 



in the instruction decoded by the decoding means in- 
cludes a first instruction including a first operation and 
a second instruction including a second operation, and 
wherein the operating means includes: calculating 
means for performing a calculation with the value and 
outputting a result of the calculation; and saturation op- 
eration means for judging whether the value exceeds a 
predetermined range and outputting a predetermined 
value if the value exceeds the predetermined range and 
outputting the value if the value does not exceed the pre- 
determined range, wherein the second data transferring 
means transfers either of the predetermined range and 
the value output by the saturation operation means to 
the storage target. 

With such a construction, storage of the operation 
result by the operating means into a register does not 
cause a delay even if the saturation operation is per- 
formed. This is because the saturation operation is not 
connected to the output stage of the operating means. 
Since the operating means and the saturation operation 
means are connected in parallel to the critical path, the 
clock signal cycle can be determined based on either 
longer one of times T3and T4, where time T3 represents 
the time period during which arithmetic operation circuit 
2 performs an operation and stores the result in the reg- 
ister, and time T4 the time period during which saturation 
operation correction circuit 3 performs an operation and 
stores the result in the register (see Fig. 13). Therefore, 
implementation of saturation operation means does not 
sacrifice the processor speed. 

Also, since the operating means and the saturation 
operation means are connected in parallel to the first 
data transferring means and the second data transfer- 
ring means, the operating means and the saturation op- 
eration means can be activated with respective different 
instructions. 

Since the operating means and the saturation op- 
eration means are activated with respective different in- 
structions, the number of instructions can be reduced 
considerably compared to the case where an operation 
instruction extended with the saturation operation func- 
tion is newly defined for each type of the operation in- 
struction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and features 
of the invention will become apparent from the following 
description thereof taken in conjunction with the accom- 
panying drawings which illustrate a specific embodi- 
ment of the invention. In the drawings: 

FIG.1 shows the construction of a conventional 
processor having saturation operation function; 
FIG. 2 shows the construction of a conventional sat- 
uration operation correction circuit 70; 
FIG. 3 is a list of instructions required in the conven- 
tional processor with three kinds of operation in- 
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struct ions with two kinds of addressing modes for 
achieving 16-bit and 24-bit saturation operations; 
FIG. 4 shows a timing chart for the conventional 
processor with saturation operation function; 
FIG. 5 shows the conventional intervals from which 
clock signal cycle is determined; 
FIG.6 shows the construction of the processor with 
saturation operation function described in the first 
embodiment; 

FIG.7 shows the construction of operation execut- 
ing unit 14 described in the first embodiment; 
FIG. 8 shows the construction of saturation opera- 
tion correction circuit 3 described in the first embod- 
iment; 

FIG. 9 is the truth table showing the operation of 
multiplexer 24; 

FIG. 1 0 is a list of three kinds of arithmetic operation 
instructions with two kinds of addressing modes 
and the saturation operation instruction specifying 
16 bits or 24 bits used in the first embodiment; 
FIG. 11 shows the format of the saturation operation 
instruction; 

FIG.1 2 shows a timing chart for the processor with 
saturation operation function described in the first 
embodiment; 

FIG.1 3 shows the intervals from which clock signal 
cycle is determined in the first embodiment; 
FIG. 1 4 shows the construction of the processor with 
saturation operation function described in the sec- 
ond embodiment; 

FIG.1 5 shows the construction of operation execut- 
ing unit 94 described in the second embodiment; 
FIG.1 6 shows the construction of state register 9; 
FIG.1 7 shows the construction of the saturation op- 
eration correction circuit described in the second 
embodiment; and 

FIG. 18 is the truth table showing the operation of 
multiplexer 85. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

<First Embodiment 

The first embodiment of the present invention is de- 
scribed with reference to the drawings. FIG.6 shows the 
construction of the processor used in the first embodi- 
ment. As shown in the drawing, the processor includes 
RAM 10, ROM 11 , instruction reading circuit 12, decoder 
13, operation executing unit 14, address bus 17, and 
data bus 18, 

RAM 10 stores data to be transferred to data bus 
18. The data is stored at a location in RAM 10 specified 
by a write target address when the write target address 
is output to address bus 1 7. When a read target address 
is output to address bus 17, data stored at a location 
specified by the read target address is output from RAM 
10 to data bus 18. 

ROM 11 prestores instructions. If a read target ad- 



dress is output to the address bus, an instruction at the 
read target address is output from ROM 11 to the data 
bus. ROM 11 prestores transfer instructions, operation 
instructions, and branch instructions. The operation in- 

5 struction is classified into arithmetic operation instruc- 
tions, logical operation instructions, bit operation in- 
structions, and saturation operation instructions. For ex- 
ample, the mnemonic representation of the arithmetic 
operation instructions is shown in FIG. 10. 

io As shown in FIG. 10, each arithmetic operation in- 
struction such as addition instruction, subtraction in- 
struction, and multiplication instruction includes the first 
and second operands. Two kinds of addressing modes, 
namely immediate value specification and direct regis- 

'5 ter specification, are available for the first operand. On 
the other hand, only direct register specification is avail- 
able for the second operand since the second operand 
is also used to specify a storage target of an operation 
result. 

20 For example, the first and second operands of ad- 
dition instruction "ADD D0.D1 " are respectively register 
DO and register D1. For addition instruction "ADD imm, 
D1 ," the first and second operands are respectively im- 
mediate value "imm 1 ' and register D1 . The second op- 

2S erand specifies the storage target of the operation re- 
suit. As a result, in case of addition instruction "ADD 
00,01," the addition result of the registers DO and D1 
values is stored in register D1. 

The saturation operation instruction includes regis- 

30 ter name field and operation range field. The saturation 
operation instruction judges whether the value stored in 
the register specified by the register name field exceeds 
the range specified by the operation range field. If ex- 
ceeds, the value stored in the register is replaced by the 

35 upper-most value or the lower-most value. If not, the val- 
ue stored in the register is output as it is. 

Each of the register name field and operation range 
field has two bits. FIG. 11 shows the format of the satu- 
ration operation instruction. Saturation operation range 

40 "00" specifies '16 bits," and "01 " 24 bits. Register name 
field "00" specifies register DO as saturation operation 
target, and "01" register D1. The mnemonic represen- 
tation of the saturation operation instruction is shown at 
the bottom of FIG. 10. The saturation operation instruc- 
ts tion includes either of two kinds of operation codes, 
"SAT16" and "SAT24," and either of two register names 
W D0" and "Dl." 

The characteristics of the instructions stored in 
ROM 1 1 have been described. Note that there are some 

so rules between arithmetic operation instructions and sat- 
uration operation instructions. The rules are: (1 ) satura- 
tion operation instructions are written immediately after 
arithmetic operation instructions; and (2) the register 
name field of the saturation operation instruction and the 

55 second operand of the arithmetic operation instruction 
have the same register name. The following are the ex- 
amples. 
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Example 1; 

instruction 1: ADD D0.D1 
instruction 2: SAT16 D1 

Example 2: 

instruction 3: SUB D0.D1 
instruction 4: SAT24 D1 

The following is the description of the above rules. 
Since the second operand of the arithmetic operation 
instruction specifies a register in which the operation re- 
sult is stored, the saturation operation instruction written 
immediately after the arithmetic operation instruction 
judges whether the register value exceeds the specified 
range and performs a necessary correction if the same 
register name is specified in the register name field of 
the saturation operation instruction. 

In case of the above example 1 , the addition result 
of register DO and D1 values is stored in register D1 , 
and the value is used by the next saturation operation 
instruction. In case of the example 2, the subtraction re- 
sult of register DO and D1 values is stored in register 
D1, and the value is used by the next saturation opera- 
tion instruction. 

Instruction reading circuit 12 includes a program 
counter for generating read target addresses sequen- 
tially and outputting them to the address bus. Instruction 
reading circuit 12 reads instructions output from ROM 
11 to the data bus and outputs them to decoder 13. 

Decoder 13 includes an instruction buffer and an 
instruction register. The instruction buffer stores a plu- 
rality of instructions read from the data bus. The instruc- 
tion register stores a decode target instruction among 
the instructions stored in the instruction buffer. Decoder 
13 decodes the instruction stored in the instruction reg- 
ister and instructs operation executing unit 1 4 to execute 
the instruction. The instruction can be executed under 
various kinds of controls. Here, three kinds of controls 
are described: register output control (hereinafter con- 
trol (1 )), operation execution control (hereinafter control 

(2) ), and constant generation control (hereinafter control 

(3) )- 

Under control (1), decoder 13 instructs operation 
executing unit 14 to output the first and second oper- 
ands of the arithmetic operation instruction read by in- 
struction reading circuit 1 2 or to output the value stored 
in a register specified in the register name field of the 
saturation operation instruction read by instruction read- 
ing circuit 12. Under control (2), decoder 13 instructs 
operation executing unit 14 to execute the operation 
specified by the operation instruction. Under control (3), 
decoder 1 3 instructs operation executing unit 1 4 to gen- 
erate the upper-most value and lower-most value of the 
operation range specified by the saturation operation in- 
struction. The controls (1) and (2) are performed after 
decoder 1 3 decodes an arithmetic operation instruction. 



The controls (1 ) and (3) are performed after decoder 1 3 
decodes a saturation operation instruction. The control 
(2) is generated immediately after the arithmetic opera- 
tion instruction is decoded and control (3) is generated 
5 immediately after the saturation operation instruction is 
decoded. Therefore, controls (2) and (3) exclude from 
each other. 

Address bus 17 transfers read target addresses 
output from instruction reading circuit 12. 
10 Data bus 18 transfers data output from RAM 10 to 
register file 1 and internal bus 15 through control lines 
c1 and c2. 

FIG. 7 shows the construction of operation execut- 
ing unit 14. As shown in the drawing, operation execut- 
es jng unit 14 includes register file 1, arithmetic operation 
circuit 2, saturation operation correction circuit 3, latch 
circuit 4, latch circuit 5, latch circuit 6, latch circuit 7, in- 
ternal bus 15, and internal bus 16. Although many con- 
trol signal lines for controls (1), (2), and (3) are set be- 
tween the above elements and decoder 1 3 : the lines are 
not shown in the drawing for the sake of simplification. 

Register file 1 includes 32-bit data registers DO, D1, 
and D2. After one or two register names are specified 
by decoder 13 under control (1), register file 1 outputs 
the values stored in the specified registers. Also, regis- 
ter file 1 receives a value from data bus 1 8 through path 
c1 and holds the value. 

First internal bus 15 transfers a value output by reg- 
ister file 1 . 

Second interna! bus 16 transfers a value output by 
register file 1 and also transfers data output by arithme- 
tic operation circuit 2 through path c2. 

Latch circuit 4 holds the value transferred by first 
internal bus 15. 

Latch circuit 5 holds the value and data read from 
RAM 10 both transferred by second internal bus 16. 

Latch circuit 6 holds the operation result output Irom 
arithmetic operation circuit 2 and outputs the result to 
the data bus. 

Latch circuit 7 holds the operation result output from 
saturation operation circuit 3 and outputs the result to 
the data bus. 

Arithmetic operation circuit 2 includes a 32-bit lull 
adder, a multiplication unit, and a parallel shifter Arith- 
metic operation circuit 2 performs operations under con- 
trol (2) by decoder 1 3. Since the input stage of arithmetic 
operation circuit 2 is connected to the output stages ol 
latch circuits 4 and 5, the operation under control (2) is 
performed by using a register value held in latch circuit 
4 and a register value held in latch circuit 5. 

Also, since the output stage of arithmetic operation 
circuit 2 is connected to the input stage of latch circuit 
6, the operation result output under control (2) is held 
by latch circuit 6 as soon as it is output and output to the 
data bus. 

For example, if an addition is performed under con- 
trol (2), arithmetic operation circuit 2 adds a value held 
by latch circuit 4 to a value held by latch circuit 5 and 
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outputs the addition result. Also, if a subtraction is per- 
formed under control (2), arithmetic operation circuit 2 
subtracts a value held by latch circuit 5 from a value held 
by latch circuit 4 and outputs the subtraction result. 

Saturation operation correction circuit 3 performs a 
saturation operation under control (3). Since the input 
stage of saturation operation correction circuit 3 is con- 
nected to the output stage of latch circuit 5, the satura- 
tion operation under control (3) is performed by using a 
register value held in latch circuit 5. 

Also, since the output stage of saturation operation 
correction circuit 3 is connected to the input stage of 
latch circuit 7, the operation result output under control 
(3) is held by latch circuit 7 as soon as it is output and 
output to the data bus. Note that though not shown in 
the drawings, there is a buffer which stores a value out- 
put from saturation operation correction circuit 3. The 
buffer stores the value under control for either SAT1 6 or 
SAT24. 

It is worthy of attention that while arithmetic opera- 
tion circuit 2 is connected to register file 1 and the data 
bus via latch circuits 4, 5, and 6, saturation operation 
correction circuit 3 is connected to the same via latch 
circuits 5 and 7. This means that arithmetic operation 
circuit 2 and saturation operation correction circuit 3 are 
connected in parallel to register file 1 and the data bus. 
Arithmetic operation circuit 2 and saturation operation 
correction circuit 3 connected in parallel as above can 
be regarded as a block which is activated by each in- 
struction, or operation, such as "ADD," "SUB," "MUL," 
and "SAT" Therefore, they are called an "operation 
block" in the drawings. This further means that arithme- 
tic operation circuit 2 and saturation operation correction 
circuit 3 are connected in parallel to the critical path 
since a path connecting a register file and the data bus 
is generally called the critical path as mentioned earlier. 

Arithmetic operation circuit 2 and saturation opera- 
tion correction circuit 3 are connected in parallel since 
controls (2) and (3) exclude from each other and either 
ol them need not be activated while the other is activat- 
ed. 

FIG. 8 shows the construction of saturation opera- 
tion correction circuit 3. As shown in FIG.8, saturation 
operation correction circuit 3 is made up of constant 
generating circuit 21, comparator 22, comparator 23, 
and multiplexer 24. Although many control lines are set 
between the above elements and decoder 13, the lines 
are not shown in the drawing for the sake of simplifica- 
tion. 

Constant generating circuit 21 generates the upper- 
most value and lower-most value of the operation range. 
The operation range is specified in the operation range 
field ol instructions "SAT16 DO" and "SAT24 DO" under 
control (3) and given by decoder 13. More specifically, 
if the decode result output from decoder 13 is "SAT16 
DO," constant generating circuit 21 generates a 32-bit 
integer with a sign 0x00007FFF as the upper-most value 
for 16-bit operations and outputs the value to compara- 



tor 22 and multiplexer 24. For the same decode result, 
constant generating circuit 21 also generates a 32-bit 
integer with a sign 0xFFFF8000 as the lower-most value 
for 16-bit operations and outputs the value tocompara- 
5 tor 23 and multiplexer 24. 

If the decode result output from decoder 13 is 
"SAT24 DO," constant generating circuit 21 generates 
0x007FFFFF as the upper-most value for 24-bit opera- 
tions and outputs the value to comparator 22, and 
10 OxFFSOOOOO as the lower-most value for 24-bit opera- 
tions and outputs the value to comparator 23, 

Comparator 22 compares a value held in latch cir- 
cuit 5 with the upper-most value generated by constant 
generating circuit 21 . The comparison is performed by 
* 5 subtracting the upper-most value from the value held in 
latch circuit 5 and by judging whether the subtraction 
generates a carry. If the latch circuit value is greater than 
the upper-most value, logical value "1 " is output to mul- 
tiplexer 24. If the latch circuit value is equal to or smaller 
than the upper-most value, logical value "0" is output to 
multiplexer 24. 

Comparator 23 compares a value held in latch cir- 
cuit 5 with the lower-most value generated by constant 
generating circuit 21. The comparison is performed by 
subtracting the lower-most value from the latch circuit 
value and by judging whether the subtraction generates 
a carry. If the latch circuit value is greater than the lower- 
most value, logical value "0" is output to multiplexer 24. 
If the latch circuit value is equal to or smaller than the 
upper-most value, logical value "1" is output to multi- 
plexer 24. 

Multiplexer 24 selectively outputs any of the upper- 
most value, the lower-most value, and a register-file- 1 
value held in latch circuit 5 according to the combination 
of logical values output from comparators 22 and 23. 

FIG. 9 is the truth table showing the operation of 
multiplexer 24. The table shows the relation between the 
combinations of logical values and the values output 
from multiplexer 24, where x represents the logical value 
output from comparator 22 and y the logical value output 
from comparator 23. 

The table shows that if "0" is output from both com- 
parators 22 and 23, multiplexer 24 outputs a value held 
in latch circuit 5 which is an operation result. 

If "1" is output from comparator 22 and "0" from 
comparator 23, multiplexer 24 outputs the upper-most 
value generated by constant generating circuit 21. With 
such an output control by multiplexer 24, the operation 
result stored in register file 1 is replaced by a corrected 
value only if the operation result is saturated. 

Now : the operation of operation executing unit 14 is 
described. 

(When Operation Result Is Saturated) 

Suppose that ROM 11 stores instructions "ADD 
D0.D1 " and "SAT1 6 DO" in the order, that these instruc- 
tions are read to decoder 1 3 via the data bus by instruc- 
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tion reading circuit 12, and that registers DO and D1 in 
register file 1 respectively store 0x00001234 and 
0x00007654. 

Decoder 1 3 decodes arithmetic operation instruc- 
tion "ADD D0.D1 " at timing T1 . Values stored in registers 
DO and D1 of register file 1 are output and held by latch 
circuits 4 and 5. Arithmetic operation circuit 2 adds 
0x00001234 of register DO to 0x00007654 of register 
D1. 

At timing T2, the addition result 0x00008888 is held 
by latch circuits 5 and 6. The addition result held by latch 
circuit 6 is output to the data bus. The output value is 
transferred to register file 1 via path c1 and stored in 
register D1. 

As described above, the addition result is stored in 
register file 1 at timing T2. Here, the values stored in 
registers DO and D1 and the addition result are respec- 
tively represented in decimal notation as "4660," 
"30292, "and "-21 84." 

In other words, the processor has performed an op- 
eration "4660 + 30292 = -2184" at timing T2. However, 
the operation should be performed as "4660 + 30292 = 
+34952." That means a result with much difference from 
the theoretical value has been generated and stored in 
register file 1 . 

At the same time, at timing T2, decoder 1 3 decodes 
saturation operation instruction "SAT16 DO." Constant 
generating circuit 21 generates the upper-most value 
0x00007FFF and the lower-most value OxFFFFSOOO. 
Comparator 22 compares the operation result 
0x00008888 held in latch circuit 5 with the upper-most 
value Ox00007FFF. Comparator 23 compares the oper- 
ation result 0x00D08888 held in latch circuit 5 with the 
lower-most value OxFFFFSOOO. 

Since the operation result 0x00008888 is greater 
than the upper-most value 0x00007FFF, multiplexer 24 
selectively outputs the upper-most value 0x00007FFF. 
The output value is held by latch circuit 7 and output to 
the data bus. The value is transferred to register file 1 
via path d . As a result, the upper-most value 
0x00007 FFF overwrites the previous operation result 
0x00008888 in register D1 of register file 1. The upper- 
most value OxO0007FFF is represented in decimal no- 
tation as "+32767. " Although there is difference between 
this value and the correct answer "+34952," the current 
result is much closer to the expected result than the pre- 
vious result "-21 B4" is. 

(When Operation Result Is Not Saturated) 

Suppose that ROM 11 stores instructions "ADD 
D0.D1 " and "SAT16 DO" in the order, that these instruc- 
tions are read to decoder 1 3 via the data bus by instruc- 
tion reading circuit 12, and that registers DO and D1 in 
register file 1 respectively store 0x00000234 and 
0x00007654. 

Decoder 1 3 decodes arithmetic operation instruc- 
tion "ADD D0.D1 " at timing T1 . Values stored in registers 



DO and D1 of register file 1 are output and held by latch 
circuits 4 and 5. Arithmetic operation circuit 2 adds 
0x0000D234 of register DO to 0x00007654 of register 
D1. 

s At timing T2, the addition result 0x00007888 is held 
by latch circuits 5 and 6. The addition result 0x00007888 
held by latch circuit 6 is output to the data bus. The out- 
put value is transferred to register file 1 via path d and 
stored in register Dl. 

10 At the same time, at timing T2, decoder 1 3 decodes 
saturation operation instruction "SAT16 DO." Constant 
generating circuit 21 generates the upper-most value 
0x00007FFF and the lower-most value OxFFFF8000. 
Comparator 22 compares the operation result 

15 0x0DD07888 held in latch circuit 5 with the upper-most 
value 0x00007FFF. Comparator 23 compares the oper- 
ation result 0x00007888 held in latch circuit 5 with the 
lower-most value 0xFFFF8000. 

Since the operation result 0x00007888 is smaller 

20 than the upper-most value 0x00007FFF and greater 
than the lower-most value OxFFFFSOOO, multiplexer 24 
outputs the operation result 0x00007888 held in latch 
circuit 5 to the data bus. 

As understood from the above description, the sat- 

25 uration operation process generates no delay in storing 
the operation result in a register. This is because arith- 
metic operation circuit 2 is not set at a place between 
the output stage of saturation operation correction cir- 
cuit 3 and the register. Since arithmetic operation circuit 

30 2 and saturation operation correction circuit 3 are con- 
nected in parallel to the critical path, the clock signal cy- 
cle can be determined based on either longer one of 
times T3 and T4, where time T3 represents the time pe- 
riod during which arithmetic operation circuit 2 performs 

35 an operation and stores the result in the register, and 
time T4 the time period during which saturation opera- 
tion correction circuit 3 performs an operation and stores 
the result in the register. Therefore, implementation of 
saturation operation correction circuit 3 does not sacri- 

40 fjce the processor speed. 

Also, since arithmetic operation circuit 2 and satu- 
ration operation correction circuit 3 are connected in 
parallel to registers and data bus, instructions for con- 
trolling arithmetic operation circuit 2 and instructions 

45 controlling saturation operation correction circuit 3 can 
be independent from each other. 

The independence of saturation operation instruc- 
tions from operation instructions reduces the number of 
instructions considerably compared to the case where 

50 an operation instruction extended with the saturation op- 
eration function is newly defined lor each type of the op- 
eration instruction. 

Note that while in the present embodiment, two 
kinds of data lengths, namely 16 bits and 24 bits, are 

55 used for rounding off, any integers may be set as the 
upper-most value and lower-most value as far as the 
upper-most value is greater than the lower-most value. 
In the present embodiment, an integer with a sign 
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is used for each of the upper-most value, the lower-most 
value, and the first operand of the saturation operation 
instruction used for the comparison with these values. 
However, an integer without sign can be used instead. 
For example, 32-bit integers without sign OxOOOOFFFF 
and 0x00000000 can be used respectively as the upper- 
most value and lower-most value. The same saturation 
operation can be achieved if such values are used. Also, 
different data lengths may be used as well as 16 bits 
and 24 bits. 

In the present embodiment, the saturation opera- 
tion instruction includes one operand. However, the sat- 
uration operation instruction may include two operands. 
In this case, the correction result may be stored in a reg- 
ister specified by one of the two operands. 

<Second Embodiment 

FIG. 14 shows the construction of the processor 
used in the second embodiment. As shown in the draw- 
ing, the processor includes RAM 10, instruction reading 
circuit 12, ROM 91, decoder 93, and operation execut- 
ing unit 94. 

ROM 91 differs from ROM 11 in that it prestores in- 
structions including saturation operation instructions 
which can specify 32-bit data length. That is, the satu- 
ration operation range field of the saturation operation 
instructions may have the following specifications: "00" 
specifying "16 bits;" "01 ■ 24 bits; and "10" 32 bits. 

Decoder 93 differs from decoder 1 3 in that, under 
control (3), decoder 93 can instruct operation executing 
unit 94 to generate the upper-most value and lower- 
most value of 32 bits as well as 1 6 bits and 24 bits if *32 
bits" is specified in the operation range field of the sat- 
uration operation instruction. 

FIG. 1 5 shows the construction of operation execut- 
ing unit 94. As shown in the drawing, operation execut- 
ing unit 94 includes register file 1 , latch circuits 4, 5, 6, 
and 7, arithmetic operation circuit 62, saturation opera- 
tion correction circuit 63, state register 9, internal bus 
15, and internal bus 16. The components with the same 
numbers are the same as those in the first embodiment. 

Arithmetic operation circuit 62 is the same as arith- 
metic operation circuit 2 except that it includes state 
monitoring circuit 8. State monitoring circuit 8 monitors 
the operation performed by arithmetic operation circuit 
2. Particularly, the following items monitored by state 
monitoring circuit 8 are related to the second embodi- 
ment: (1) overflow; (2) carry; and (3) sign bit. 

In the overflow monitoring, state monitoring circuit 
8 monitors whether an overflow exceeding the MSB has 
occurred. There are three kinds of MSBs in the present 
embodiment, namely MSBs for 32 bits : 24 bits, and 16 
bits. 

In the carry monitoring, state monitoring circuit 8 
monitors whether a carry reaching the MSB has oc- 
curred. In the sign bit monitoring, state monitoring circuit 
8 monitors whether the MSB has reversed to negative. 



State register 9 indicates, for each data length, 
whether an overflow, carry, or sign reversion has oc- 
curred. State register 9 also indicates the mask level of 
an interrupt and whether to allow reception of a key in- 
5 terrupt. FIG. 16 shows the construction of state register 
9. As shown in the drawing, state register 9 is made up 
of flags V, C, N, VX, CX, NX, VY, CY, NY, IM2, IM1 , IM0, 
and IE. 

Flag V indicates whether an overflow has occurred 
10 jn an operation result of 32-bit data length. 

Flag C indicates whether a carry has occurred at 
the 32nd bit of an operation result of 32 -bit data length. 

Flag N indicates whether the sign of an operation 
result of 32-bit data length is positive or negative. 

Flag VX indicates whether an overflow has oc- 
curred in an operation result of 24-bit data length. 

Flag CX indicates whether a carry has occurred at 
the 24th bit of an operation result of 24-bit data length. 

Flag NX indicates whether the sign of an operation 
result of 24-bit data length is positive or negative. 

Flag VY indicates whether an overflow has oc- 
curred in an operation result of 16-bit data length. 

Flag CY indicates whether a carry has occurred at 
the 16th bit of an operation result of 16-bit data length. 

Flag NY indicates whether the sign of an operation 
result of 16-bit data length is positive or negative. 

Flags IM2-0 (Interrupt Mask Flags) indicate respec- 
tively the mask levels of interrupts. 

Flag IE indicates whether to allow reception of a key 
interrupt (interrupt enable). 

Saturation operation correction circuit 63 has a fea- 
ture in common to saturation operation correction circuit 
3 that arithmetic operation circuit 62 and saturation op- 
eration correction circuit 63 are connected in parallel to 
register file 1 and the data bus. FIG. 17 shows the con- 
struction of saturation operation correction circuit 63. As 
shown in the drawing, saturation operation correction 
circuit 63 is made up of constant generating circuits 81 , 
82, and 83 and multiplexers 85, 86, and 87. 

Constant generating circuit 81 generates the upper- 
most value and lower-most value of 32 -bit operation 
range if "32 bits" is specified as the operation range un- 
der control (3). The upper-most value and lower-most 
value are respectively 32-bit integers with a sign 
0x7FFFFFFF and 0x80000000. 

Constant generating circuit 82 generates the upper- 
most value and lower-most value of 24-bit operation 
range if "24 bits* is specified as the operation range un- 
der control (3). The upper-most value and lower-most 
value are respectively 32-bit integers with a sign 
0x007FFFFF and 0x00800000. 

Constant generating circuit 83 generates the upper- 
most value and lower-most value of 16-bit operation 
range if "16 bits" is specified as the operation range un- 
der control (3). The upper-most value and lower-most 
value are respectively 32-bit integers with a sign 
0x00007FFF and 0x00008000. 

Multiplexer 85 selectively outputs any of the upper- 
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most value 0x7FFFFFFF ( the lower-most value 
0x80000000, and a register-file-1 value held in latch cir- 
cuit 5 according to the combination of values set in flag 

V and flag N. 

FIG. 18 is the truth table showing the relation be- 
tween the combinations of flag V values and flag N val- 
ues and the values output from multiplexer 85. 

The table shows that if "1° is set as flag V value and 
"0" as flag N value, multiplexer 85 outputs the upper- 
most value generated by constant generating circuit 81 . 

If "1 " is set as flag V value and "1 " as flag N value, 
multiplexer 85 outputs the lower-most value generated 
by constant generating circuit 81 . 

If "0" is set as flag V value and '0* or "1" as flag N 
value, multiplexer 85 outputs the operation result held 
in latch circuit 5. 

Multiplexer 86 selectively outputs any of the upper- 
most value 0xO07FFFFF, the lower-most value 
0x00800000, and a register-file-1 value held in latch cir- 
cuit 5 according to the combination of values set in flag 
Vand flag N. 

Multiplexer 87 selectively outputs any of the upper- 
most value 0x00007FFF, the lower-most value 
0x00008000 : and a register-file-1 value held in latch cir- 
cuit 5 according to the combination of values set in flag 

V and flag N. 

With such a construction, the present processor can 
monitor internal state changes such as overflows, car- 
ries, and sign reversions that occur with operations by 
arithmetic operation circuit 62 and perform saturation 
operations corresponding to the internal state changes. 

As understood from the above description, the sat- 
uration operation process generates no delay in storing 
the operation result in a register This is because the 
saturation operation is performed by saturation opera- 
tion correction circuit 63 which is parallel with arithmetic 
operation circuit 62 and because arithmetic operation 
circuit 62 is not set between the output stage of satura- 
tion operation correction circuit 3 and the register. Since 
arithmetic operation circuit 62 and saturation operation 
correction circuit 63 are connected in parallel to the crit- 
ical path, the clock signal cycle can be determined 
based on either longer one of times T3 and T4, where 
time T3 represents the time period during which arith- 
metic operation circuit 62 performs an operation and 
stores the result in the register, and time T4 the time 
period during which saturation operation correction cir- 
cuit 63 performs an operation and stores the result in 
the register. Therefore, implementation of saturation op- 
eration correction circuit 63 does not sacrifice the proc- 
essor speed. 

In the present embodiment, an overflow is detected 
by checking the MSB. However, it is possible to detect 
an overflow by setting an arbitrary bit as the check bit 
for the overflow and set respective upper-most values 
and lower-most values. 

For example, it is possible to achieve 16-bit satura- 
tion operations in the same way by setting the 16th bit 



from the LSB (Least Significant Bit) as the check bit for 
the overflow and setting 32-bit integer with a sign 
0x00007FFF as the upper-most value and 32-bit integer 
with a sign 0xFFFF8000 as the lower-most value. 
5 If instruction "SAT1 6* is also used as well as instruc- 
tion "SAT32" shown in the present embodiment for 
achieving the above feature, only two instructions are 
used in total. That means the number of instructions has 
been reduced considerably compared to the conven- 
es ttonal technique that uses as many instructions as the 
number of operation instruction types multiplied by the 
number of bit length types for saturation processing. 

In the present embodiment, an integer with a sign 
is used tor each of the upper-most value and the lower- 
f5 most value. However, an integer without sign can be 
used instead. For example, the arithmetic operation cir- 
cuit may set a "carry bit" and output an operation result 
if a carry occurs at the MSB of the operation result; reset 
a "carry bit" and output an operation result if a carry does 
not occur. The arithmetic operation circuit may set an 
"addition bit" and output an operation result if the oper- 
ation is an addition; reset an "addition bit" and output an 
operation result if the operation is a subtraction. State 
register 9 may hold flags C and A which respectively 
indicate the state of the carry bit and addition bit. A 32-bit 
integer with a sign OxFFFFFFFF may be set as the up- 
per-most value, and 32-bit integer with a sign 
0x00000000 as the lower-most value. The multiplexer 
may select the above upper-most value if both flags C 
and A are set; select the above lower-most value if flag 
C is set and flag A is reset; and select the first operand 
if flag C is reset, regardless of the state of flag A. 

In the present embodiment, the saturation opera- 
tion instruction includes one operand. However, the sat- 
uration operation instruction may include two operands. 
In this case, the correction result may be stored in a reg- 
ister specified by one of the two operands. 

Although the present invention has been fully de- 
scribed by way of examples with reference to the ac- 
companying drawings, it is to be noted that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless such changes and 
modifications depart from the scope of the present in- 
vention, they should be construed as being included 
therein. 



Claims 

1 . A processor comprising: 

decoding means for decoding an instruction 
which includes a reading target, an operation, 
and a storage target, wherein a value is read 
from the reading target and the operation is per- 
formed with the value and a result of the oper- 
ation is stored in the storage target; 
first data transferring means for transferring the 
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value from the reading target according to the 
instruction; 

operating means for performing the operation 
with the value according to the instruction; and 
second data transferring means for transferring s 4. 
the result of the operation to the storage target 
according to the instruction, wherein 
the instruction decoded by the decoding means 
includes a first instruction including a first oper- 
ation and a second instruction including a sec- 10 
ond operation, and wherein 
the operating means includes: 
calculating means for performing a calculation 
with the value and outputting a result of the cal- 
culation; and is 
saturation operation means forjudging whether 
the value exceeds a predetermined range and 
outputting a predetermined value if the value 
exceeds the predetermined range and output- 
ting the value if the value does not exceed the 20 
predetermined range, wherein the second data 
transferring means transfers either of the pre- 
determined range and the value output by the 5. 
saturation operation means to the storage tar- 
get. 25 

The processor of claim 1 , wherein 

the operating means performs an operation 
with an integer with a sign, and 30 
the second instruction includes the predeter- 
mined range, and wherein 
the decoding means includes: 
an identifying unit for identifying the predeter- 
mined range included in the second instruction; 35 
a constant generating unit for generating an up- 
per-most value; 

a comparator for comparing the result of the op- 
eration with the upper-most value; and 
an outputting unit for outputting the upper-most 40 6. 
value to the second transferring means if the 
result of the operation exceeds the upper-most 
value. 

The processor of claim 2, wherein <*s 

the operating means performs an operation 
with a 32-bit integer with a sign, 
the identifying unit judges whether the prede- 
termined range is represented by one of a so 
24-bit integer with a sign and a 16-bit integer 
with a sign, and 

the constant generating unit generates an up- 
per-most value for the 24-bit integer with a sign 
if the identifying unit judges that the predeter- S5 
mined range is represented by the 24-bit inte- 
ger with a sign and generates an upper-most 
value for the 16-bit integer with a sign if the 



identifying unit judges that the predetermined 
range is represented by the 16-bit integer with 
a sign. 

The processor of claim 1 , wherein 

the operating means performs an operation 
with an integer with a sign, and 
the second instruction includes the predeter- 
mined range, and wherein 
the decoding means includes: 
an identifying unit for identifying the predeter- 
mined range included in the second instruction; 
a constant generating unit for generating a low- 
er-most value; 

a comparator for comparing the result of the op- 
eration with the lower-most value; and 
an outputting unit for outputting the lower-most 
value to the second transferring means if the 
result of the operation exceeds the lower-most 
value. 

The processor of claim 4, wherein 

the operating means performs an operation 
with a 32-bit integer with a sign, 
the identifying unit judges whether the prede- 
termined range is represented by one of a 
24-bit integer with a sign and a 16-bit integer 
with a sign, and 

the constant generating unit generates a lower- 
most value for the 24-bit integer with a sign if 
the identifying unit judges that the predeter- 
mined range is represented by the 24-bit inte- 
ger with a sign and generates a lower-most val- 
ue for the 16-bit integer with a sign if the iden- 
tifying unit judges that the predetermined range 
is represented by the 16-bit integer with a sign. 

The processor of claim 1 , wherein 

the operating means performs an operation 
with an integer with a sign, and 
the second instruction includes the predeter- 
mined range, and wherein 
the decoding means includes: 
an identifying unit for identifying the predeter- 
mined range included in the second instruction; 
a constant generating unit for generating an up- 
per-most value and a lower-most value; 
a comparator for comparing the result of the op- 
eration with the upper-most value and the low- 
er-most value; and 

an outputting unit for outputting the upper-most 
value to the second transferring means if the 
result of the operation exceeds the upper-most 
value and for outputting the lower-most value 
to the second transferring means if the result of 
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the operation exceeds the lower-most value. 

7. The processor of claim 4, wherein 

the operating means performs an operation 
with a 32-bit integer with a sign, 
the identifying unit judges whether the prede- 
termined range is represented by one of a 
24-bit integer with a sign and a 16-bit integer 
with a sign, and 

the constant generating unit generates an up- 
per-most value and a lower-most value for the 
24-bit integer with a sign if the identifying unit 
judges that the predetermined range is repre- 
sented by the 24-bit integer with a sign and gen- 
erates an upper-most value and a lower-most 
value for the 16-bit integer with a sign if the 
identifying unit judges that the predetermined 
range is represented by the 16-bit integer with 
a sign. 

8. The processor of claim 1 , wherein 

the operating means performs an operation 
with an integer without sign, and 
the second instruction includes the predeter- 
mined range, and wherein 
the decoding means includes: 
an identifying unit for identifying the predeter- 
mined range included in the second instruction; 
a constant generating unit for generating an up- 
per-most value; 

a comparator for comparing the result of the op- 
eration with the upper-most value; and 
an outputting unit for outputting the upper-most 
value to the second transferring means if the 
result of the operation exceeds the upper-most 
value. 

9. The processor of claim 8, wherein 

the operating means performs an operation 
with a 32-bit integer without sign, 
the identifying unit judges whether the prede- 
termined range is represented by one of a 
24-bit integer with a sign and a 16-bit integer 
with a sign, and 

the constant generating unit generates an up- 
per-most value for a 24-bit integer without sign 
if the identifying unit judges that the predeter- 
mined range is represented by the 24-bit inte- 
ger with a sign and generates an upper-most 
value for a 1 6-bit integer without sign if the iden- 
tifying unit judges that the predetermined range 
is represented by the 16-bit integer with a sign. 

10. The processor of claim 1 further comprising: 



an overflow flag for being set if an overflow oc- 
curs to the result of the operation and for being 
reset if an overflow does not occur to the result 
of the operation, wherein 

5 the operating means performs an operation 

with an integer with a sign, wherein 
the saturation operation means includes: 
a monitoring unit for judging whether the value 
exceeds the predetermined range by monitor- 

10 ing the overflow flag to see if the overflow flag 

has been set. 

11. The processor of claim 10 further comprising: 

15 a negative flag for being set if the result of the 

operation is negative and for being reset if the 
result of the operation is positive, wherein 
the monitoring unit includes: 
a judging unit for judging whether the value ex- 

20 ceeds either of the upper-most value and the 

lower-most value by monitoring the negative 
flag to see if the negative flag has been set. 

12. The processor of claim 1 further comprising: 

25 

a carry flag for being set if a carry occurs to a 
certain bit of the operation and for being reset 
if a carry does not occur to the certain bit of the 
operation, wherein 

30 the operating means performs an operation 

with an integer with a sign, wherein 
the saturation operation means includes: 
a monitoring unit for judging whether the value 
exceeds the predetermined range by monitor- 

35 ing the carry flag to see if the carry flag has 

been set. 

13. The processor of claim 12 further comprising: 

40 a negative flag for being set if the result of the 

operation is negative and for being reset if the 
result of the operation is positive, wherein 
the monitoring unit includes: 
a judging unit for judging whether the value ex- 

45 ceeds either of the upper-most value and the 

lower-most value by monitoring the negative 
flag to see if the negative flag has been set. 

14. The processor of claim 1 further comprising: 

so 

a carry flag for being set if a carry occurs to a 
certain bit of the operation and for being reset 
if a carry does not occur to the certain bit of the 
operation, wherein 
55 the operating means performs an operation 

with integers without sign stored in a plurality 
of registers, wherein 
the saturation operation means includes: 
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a monitoring unit lor judging whether the value 
exceeds the predetermined range by monitor- 
ing the carry flag to see if the carry flag has 
been set. 

5 

15. A control method for controlling a processor com- 
prising operating means for performing an opera- 
tion with a value and outputting an operation result, 
saturation operation means for judging whether the 
operation result exceeds a predetermined range m> 
and outputting a predetermined value if the opera- 
tion result exceeds the predetermined range and 
outputting the operation result if the operation result 
does not exceed the predetermined range, and 
storage means for storing eithe r of the operation re- '5 
suit output from the operating means and a value 
output from the saturation operation means, the 
control method comprising: 

a first step in which the operating means per- 20 
forms the operation with a value; 
a second step in which the storage means 
stores the operation result; 
a third step in which the saturation operation 
means judges whether the operation result 25 
stored in the storage means exceeds the pre- 
determined range; and 

a fourth step in which the storage means stores 
the predetermined value output from the satu- 
ration operation means if the operation result 30 
exceeds the predetermined range and stores 
the operation result output from the operating 
means if the operation resurt does not exceed 
the predetermined range. 
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